Introduction
============

Endoscopic resection has been performed widely in recent times to enable rapid recovery after early gastric cancer treatment. However, with the rate of lymph node metastasis reportedly close to 20% in cancer invading into the submucosal layer, endoscopic resection has its limitations.([@B1],[@B2]) Accordingly, for early gastric cancer invading beyond the middle of the submucosal layer (SM2) - itself a contraindication to endoscopic resection - open gastrectomy is required.([@B3],[@B4])

When performing gastrectomy for early gastric cancer, where radical resection is viable, laparoscopic assisted gastrectomy which enables rapid recovery with less pain compared to open abdominal surgery is on the rise.([@B5]) However, lymphadenectomy cannot be performed readily in a wide area with laparoscopic assisted gastrectomy compared to open gastrectomy due to limited surgical visibility and restricted surgical instrument mobility. Consequently, inadequate lymphadenectomy may result that negatively impacts on patient prognosis. On the other hand, if unnecessarily extensive lymphadenectomy is performed in a wide area, the incidence of post-surgical complications and morbidity increases.([@B6])

Recently, during laparoscopic assisted gastrectomy for early gastric cancer, function-preserving gastrectomy, such as proximal gastrectomy and pylorus-preserving gastrectomy, is performed in selected cases depending on the tumor location. In such cases, partial lymphadenectomy can be performed instead of extensive lymphadenectomy.([@B7],[@B8])

However, the presence or absence of lymph node metastasis is very important for the prognosis of gastric cancer.([@B9]) As such, the extent of lymphadenectomy should be determined considering the patient prognosis and post-surgical complications.

To date, laparoscopic assisted gastrectomy is limited to early gastric cancer. However, if the flow of lymph node metastasis depending on the gastric cancer location can be elucidated, guidelines on extending laparoscopic assisted gastrectomy to advanced gastric cancer may be suggested.

The aims of this study were to examine the incidence of metastasis in lymph node stations by primary gastric cancer location to determine the optimal extent of lymphadenectomy and function-preserving surgery in early gastric cancer patients.

Materials and Methods
=====================

Among 1,701 patients diagnosed with gastric cancer who underwent gastrectomy at our institution from 1996 to 2005, 22 patients developed invasion throughout the entire stomach were not classified and therefore excluded from this study. A total of 1,679 patients were included and classified into 3 groups, based on the location of the primary lesion: in the upper third (the upper third group), the middle third (the middle third group) and the lower third (the lower third group). The upper third designated cancer developed in the gastric cardia and fundus, the middle third designated cancer in the gastric body and the lower third designated cancer in the antrum and pylorus.

The upper third group was comprised of 188 patients, the middle third group was comprised of 605 patients, and the lower third group was comprised of 886 patients. Excluding 109 patients with tumor invasion into adjacent organs (T4) and 60 patients with unclassified extent of tumor invasion of the 3 aforementioned groups, 169 patients with cancer originated in the upper third, 561 patients in the middle third and 790 patients in the lower third were analyzed.

The clinico-pathological characteristics and patterns of lymph node metastasis were analyzed by the depth of tumor invasion. The tumor stage was classified according to the UICC, sixth edition.([@B10]) Metastasis of the first and second tier lymph nodes was evaluated according to standards established by the Japanese Gastric Cancer Association (JGCA) to determine the extent of lymphadenectomy. To help decide surgical intervention by minimally invasive surgery, the depth of tumor invasion was subdivided into the mucosal and submucosal layers.

Regarding the pattern of lymph node metastasis of first tier lymph nodes based on the classification criteria of the JGCA for gastric cancer located in the upper third, the lymph node station numbers are defined as 1, 2, 3, 4sa and 4sb. In the middle third, the lymph node station numbers are defined as 1, 3, 4sb, 4d, 5 and 6 while that in the lower third are defined as 3, 4d, 5 and 6. As for second tier lymph nodes, the upper third lymph node station numbers are defined as 4d, 7, 8a, 9, 10 and 11, that of the middle third are defined as 7, 8a, 9, 11p and 12a, and that of the lower third are defined as 1, 7, 8a, 9, 11p, 12a and 14v.([@B11])

In this study, the total number of lymph node metastasis identified in 1,510 patients was 1,419. The number of lymph nodes metastasis higher than 12 were found in 29 patients, which corresponded to third tier lymph nodes or distant metastasis regardless of gastric cancer location and were thus excluded. As such, only 1,390 confirmed metastases in lymph node stations number 1 through to 11 were included in this study.

The station number of each lymph node was determined immediately after resection based on the location of blood vessels neighboring the stomach, the anatomical location in accordance with the standards established by the JGCA. Metastases in the classified lymph nodes and resected specimens were determined microscopically by specialist pathologists.

For statistical analysis, SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA) was used. For comparative analysis of the clinicopathological factors and the incidence of lymph node metastasis depending on the position of the tumor, Chi-square test and Student\`s t-test was applied. A P-value under 0.05 (P\<0.05) was defined as statistically significant.

Results
=======

In total, 650 patients had pT1 disease with tumor invasion into the mucosal and submucosal layers, 273 patients had pT2 disease with invasion into the muscle and subserosal layers and 587 patients had pT3 disease with the invasion into the serosa. When tumors were classified based on location and characteristics, cancer developed in the middle third was relatively more prevalent than in the upper and lower third in females (P=0.003). As for age, cancer in the lower third was more common than in the upper and middle third in patients older than 50 years (P\<0.001). For disease in the upper third, pT3 was relatively more prevalent compared to the middle and lower third (P\<0.001). Regarding surgical methods, total gastrectomy was more commonly performed for disease in the upper third than in the middle and lower third (P\<0.001). Tumors of diameter exceeding 3 cm were more abundant in the upper third than in the middle and lower third (P=0.002). Undifferentiated tumors were prevalent in the upper and middle third, while differentiated tumors were abundant in the lower third (P\<0.001). Lymphatic and perineural invasion was more prevalent in the upper third of the stomach in comparison with the middle and lower third. Concerning the TNM stage, disease in the upper third was more advanced compared to the middle and lower third (P\<0.001) ([Table 1](#T1){ref-type="table"}).

When the incidence of lymph node metastasis was compared by the depth of tumor invasion, metastasis in pT1 turned out to be 64/650 (9.8%), pT2 turned out to be 114/273 (41.8%) and pT3 turned out to be 341/587 (58.1%). However, no difference was detected according to tumor location.

When the lymph node stations with metastasis based on tumor location were compared, metastasis in station numbers 1, 2, 3, 7, 10 and 11 was most commonly caused by disease in the upper third, while metastasis in station numbers 4, 5, 6 and 8 was significantly abundant in the lower third. Number 9 lymph node, however, did not show significant difference. Examining cases of lymph node metastasis beyond the second tier, number 7, 10 and 11 lymph node metastasis was dominant in the upper third. Number 8 was dominant in the lower third and as such, lymph node metastasis in the second tier of lymph nodes was abundant in the upper and lower third compared to the middle third ([Table 2](#T2){ref-type="table"}, [Fig. 1A](#F1){ref-type="fig"}).

When dividing early gastric cancer into the mucosal (pT1a) and submucosal layer (pT1b) and comparing metastasis with each lymph node by tumor location, the number of lymph nodes with metastasis did not show significant difference in pT1a. In pT1b, metastasis was significantly abundant in the number 6 lymph node in disease originated in the lower third. In pT1a, none metastasized beyond the second tier in the upper third. As for metastasis beyond the second tier lymph nodes in the middle third, number 2 lymph node was found positive in 1 patient (0.7%), number 7 in 1 patient (0.7%) and number 9 in 2 patients (1.4%). Regarding metastasis beyond the second tier lymph nodes in the lower third, number 7 lymph node was positive in 1 patient (0.5%) and number 9 in 1 patient (0.5%). However, there was no statistical significance. In pT1b in the upper third of the stomach, none metastasized beyond second tier lymph nodes. Regarding metastasis beyond the second tier in disease originated in the middle third of the stomach, number 7 lymph node was positive in 2 patients (1.7%). In the lower third, number 1 lymph node was positive in 2 patients (1.2%), number 8 in 3 patients (1.8%), number 9 in 1 patient (0.6%), and number 11 in 1 patient (0.6%), which was not statistically significant ([Table 3](#T3){ref-type="table"}, [Fig. 1B, C](#F1){ref-type="fig"}).

Discussion
==========

In this study, patients were divided into three groups, the upper third, the middle third and the lower third, depending on the location of the tumor, and their characteristics were compared. Differences were found in age, gender, tumor size, macroscopic morphology, differentiation grade, lymph node infiltration, invasion to the perineural area and tumor node metastasis (TNM) stage. The extent of tumor invasion was relatively severe and lymph node metastasis was more common secondary to disease in the upper third of the stomach, compared to the middle and lower third. Tumor development was once predominantly found in the lower third in contrast to recent observation that more diseases develop in the middle third, particularly in the angle of the lesser curvature, and the incidence of gastric cancer in the upper third is on the rise.([@B12]) According to recent reports, disease is relatively more common in the middle and lower third, and tends to be associated with early lymph node metastasis. Particularly, there is a tendency of lymph node metastasis to the vicinity of the splenic artery and hilum. As such, it has been proposed that total gastrectomy, extended lymphadenectomy and splenectomy are required to manage disease originated in the middle and lower third.([@B13]) Nevertheless, due to recent advancement in surgical technique, extended lymphadenectomy, including lymph node station numbers 10 and 11 in the splenic hilum without splenectomy, is being performed widely. At our institution, gastrectomy for cancer in the upper third is performed by such methods.([@B14])

Recently, with the development of minimally invasive surgical techniques such as laparoscopic gastrectomy, much effort has been made to avoid total gastrectomy and proximal gastrectomy is being commonly performed.([@B15]) As such, it is important to determine the range of lymphadenectomy associated with gastrectomy. Due to advancement of laparoscopic techniques, it has become possible to perform lymphadenectomy while observing the lymph node anatomical structure comprehensively. As a consequence, resection of station number 5 and 6 lymph nodes in the vicinity of the pylorus area is now possible without resecting the right gastroepiploic vessels below the pylorus and the right gastric vessels above the pylorus. However, if such vessels are injured during surgery, ligation must be performed to ensure patient safety. Therefore, for gastric cancer in the upper third, the range of lymphadenectomy may be reduced if the extent of lymph node metastasis in the area is not severe. In this study, when gastric cancer developed in the upper third, lymph node metastasis would be classified according to the depth of tumor invasion. Lymph node metastasis was not detected in early gastric cancer invading into the mucosal layer. Accordingly, modified lymphadectomy without resecting lymph nodes in the vicinity of the pylorus area is considered adequate, when proximal gastrectomy is performed on early gastric cancer.

When patient groups were classified based on tumor invasion depth, the deeper the invasion, the higher the incidence of lymph node metastasis. In Korea, Japan and other countries where gastric cancer incidence is high, lymphadenectomy higher than D2 is already being adopted.([@B16]) Nonetheless, in terms of lymphadenectomy for early gastric cancer with low risk of lymph node metastasis, D1+α (resection of number 7 lymph node) or D1+β (resection of lymph nodes 7, 8 and 9) is sufficient in some cases. However, lymphadenectomy higher than D2 is considered necessary in other cases. This remains an area of controversy.([@B17])

Recently, sentinel lymph node biopsy has been performed in selected cases of early gastric cancers to avoid extensive lymphadenectomy. However, sentinel lymphadenectomy is not being practiced widely due to questionable accuracy and the presence of skip metastases.([@B18])

Extended lymphadenectomy higher than D2 was considered necessary for early gastric cancer in the past.([@B19]) Nonetheless, due to the advent of minimally invasive surgical techniques, efforts have been made to reduce the extent of lymph node resection. In this study, invasion of early gastric cancer was subdivided into the mucosa and the submucosal layers, and metastasis of number 2 lymph nodes was not detected in disease originated in the upper third. On the other hand, metastasis was identified in number 7 and 9 lymph nodes in disease originated from the middle third while metastasis in lymph nodes number 1, 7, 8, 9 and 11 was identified in disease originated in the lower third. At any rate, the number was meager and statistical significance was not detected. On the contrary, in disease invaded into the submucosal layer, statistical differences were seen in 13 cases of metastasis in lymph nodes below the pylorus (number 6) in cancer originated in the lower third of the stomach. In summary, when performing laparoscopic gastrectomy in early gastric cancer, modified D1+β lymphadenectomy (resection of number 7, 8 and 9 lymph nodes) is considered a better option than conventional D2 extension lymphadenectomy. In particular, for diseases shown to have invaded into the mucosal layer at the clinical stage, it may be sufficient to perform such modified lymphadenectomy.

Recently, for early gastric cancer located more than 3 cm from the pylorus for the middle third, attempts have been made to perform pylorus preserving gastrectomy as a form of function-preserving gastrectomy. According to recent studies reported by Ikeguchi et al. in Japan, the post-surgical quality-of-life was better when pylorus-preserving gastrectomy was performed compared to conventional distal resection.([@B20],[@B21]) However, when performing such pylorus-preserving gastrectomy, resection of number 5 and 6 lymph nodes in the vicinity of the pylorus remains technically challenging. Hence, for gastric cancer originated in the middle third, the presence or absence of metastasis in number 5 and 6 lymph nodes was examined based on the depth of tumor invasion in this study.([@B22]) Among all early gastric cancer cases, there was 1 case of metastasis in number 6 lymph node due to cancer originated in the middle third restricted to the mucosal layer, and there were 2 cases of metastasis in the number 6 lymph node from disease invading into the submucosal layer. Thus, it may be necessary to perform pylorus-preserving gastrectomy and number 6 node dissection for disease originated in the middle third with submucosal invasion (pT1b).

The limitations of this study included relatively low incidence of gastric cancer in the upper third of the stomach, compared to that in the middle and the lower third as well as relatively small patient cohort.

Based on the results, guidelines for modified reduced lymphadenectomy that potentially replaces conventional extended lymphadenectomy in a wide area can be considered to be adopted when function-preserving gastrectomy is performed for the treatment of early gastric cancer in the future, to be supported by the conduct of a large-scale study.
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